Background: The aetiology of chronic thromboembolic pulmonary hypertension (CTEPH) is not clearly understood. In some patients, the disease is preceded by acute pulmonary embolism (APE), and is characterised by intravascular thrombosis, vasoconstriction, inflammation and remodelling of pulmonary arteries. Ensuing pulmonary hypertension leads to potentially fatal chronic right ventricle failure. Both inborn and acquired risk factors were identified. Pathogenesis of haemostatic disorders is not completely explained, and extrinsic coagulation pathway disorders may play a role in CTEPH aetiology.
INTRODUCTION
Etiopathogenesis of chronic thromboembolic pulmonary hypertension (CTEPH) is not completely understood. In some patients, the disease is preceded by an episode of acute pulmonary embolism (APE) [1] , and is characterised by vasoconstriction, inflammation, activation of the clotting system with decreased fibrinolysis as well as remodelling of pulmonary arteries [2] . Ensuing pulmonary hypertension leads to potentially fatal chronic right ventricle failure. Both inborn and acquired risk factors were identified [3] [4] [5] . Patients with CTEPH are treated in reference centres. Some patients undergo pulmonary endarterectomy with good outcome [6] , whereas others, who cannot be operated on or in whom the risk connected to surgical intervention is too high, may be referred for procedures of pulmonary artery balloon angioplasty [7] . In cases of inoperable CTEPH or disease relapse after pulmonary endarterectomy, medical treatment with riociguat, a guanyl cyclase agonist is recommended (grade I B recommendation according to the 2015 guidelines of the European Society of Cardiology [ESC] ) [8, 9] . Other vasodilators or remodelling inhibitors used for treatment of pulmonary arterial hypertension (PAH) may also be considered. Among those, endothelin receptor antagonist bosentan was studied the most in treatment of CTEPH (grade II B recommendation according to ESC) [9, 10] . Continuous anticoagulation remains the mainstay of treatment. Mechanisms of coagulation disturbance in CTEPH are not completely understood, there are few studies in literature, most of them in small patient groups or with contradictory results. These studies revealed increased serum concentrations of tissue plasminogen activator and inhibitor of tissue plasminogen activator type 1 but the activity of both these proteins remains unchanged [11, 12] . Moreover, selected fibrinogen gene polymorphisms were described as well as fibrinogen and fibrin structural aberrations, resulting in fibrin resistance to fibrinolytic enzymes [13] [14] [15] . Pathogenesis of haemostatic disorders is not completely explained, and extrinsic coagulation pathway disorders may play a role in CTEPH aetiology. These phenomena lead to pulmonary endothelial injury, and thus may lead to both intravascular thrombosis and pulmonary artery remodelling [16] .
METHODS
Mean concentrations of tissue factor (TF) and its inhibitor (tissue factor pathway inhibitor [TFPI]) were studied in 21 patients with CTEPH, 12 patients with PAH, in 55 survivors of APE at least half a year after the episode and with no persistent pulmonary hypertension, and in 53 healthy subjects (voluntary blood donors, control group C). In the PAH group there were 7 patients with isolated idiopathic pulmonary arterial hypertension (IPAH), 1 patient with IPAH and lung fibrosis, 2 patients with Eisenmenger syndrome following the presence of inborn defect of interatrial heart septum, 1 patient with PAH in the course of limited systemic sclerosis, and 1 patient with mixed pre-and post-capillary pulmonary hypertension, most likely IPAH with concurrent left heart defect. Most patients were treated with vitamin K antagonists (VKA), and some received therapeutic or high prophylactic doses of unfractionated or small molecular weight heparin. Effects of anticoagulative therapy were monitored by international normalised ratio (INR) measurement, and activated partial thromboplastin time was additionally monitored in patients treated with unfractioned heparin. No patients were administered thrombin or factor Xa inhibitors. In the CTEPH groups there were no patients after undergone pulmonary endarterectomy or treated with pulmonary vasodilating agents, which were administered in some PAH patients. Exclusion criteria were the following: malignancy newly diagnosed or being treated, active inflammation, surgical intervention during the preceding weeks. Patient characteristics are presented in Table 1 .
Imubind ® Tissue Factor ELISA Kit from American Diagnostica Inc. (USA) was used for measurement of TF levels. The kit identifies TF-apo and TF-factor VII complexes using 
Statistical analyses
Statistical analyses were performer using Statistica 10 software (StatSoft, Tulsa, OK, USA). Results are presented in respective figures. Single factor analysis of variance (ANOVA) was used to compare mean values of patient age. Tested hypothesis was that of equal variable distribution in respective groups. When the calculated p-value was over 0.05, hypothesis of group equality could not be rejected, and thus variables in respective groups were not significantly different. For p < 0.05, variables in respective groups were different, and Bonferroni or least significant difference post hoc tests were performed. Correlation between patient age and concentrations of TF and TFPI was performed in group C, described by the correlation coefficient r. The level of statistical significance was adopted at p < 0.05.
RESULTS
Mean TF and TFPI concentrations and standard deviation values in respective groups are presented in figures, with p-values given underneath.
Patients in group C were significantly younger as compared to all other groups (p = 0.000), with significant correlation (r = 0.31) between patient age and values of TFPI concentrations. No significant correlation between age and TF values was observed.
DISCUSSION
Some inborn and acquired risk factors for development of CTEPH were described [1] [2] [3] [4] [5] but etiopathogenesis was not completely delineated, although haemostatic aberrations seem to play a major role. Samples from patients undergoing pulmonary endarterectomy demonstrate in majority of cases presence of new or organised thromboembolic material, with only few lesions compatible with arteriopathy [6] . The latter lesions are the result of endothelial dysfunction, and present microscopically plexiform changes, thickening of intima and media, which point to vessel wall remodelling [17] . Similar arteriopathic lesions obtained from patients with PAH obtained at autopsy or lung transplantation demonstrated increased expression of TF [18] . This may suggest that even CTEPH pathogenesis may involve extrinsic coagulation pathway factors, TF and TFPI.
Tissue factor is a transmembrane protein of 47 kDa, produced by endothelial cells, monocytes, vessel smooth muscle cells, brain tissue, in lungs and in placenta. Synthesis of TF increases markedly following stimulation with proinflammatory cytokines (LPS, TNF alpha, CRP) and after mechanical tissue injury [16, 19] , initiating coagulation cascade by binding TF and factor VII. Serum levels of TF in patients with pulmonary hypertension or pulmonary embolism were not studied as yet. High levels of TF were observed in arterial hypertension, hyperlipidaemia, in atherosclerotic lesions, including vessels affected by coronary heart disease and its acute episodes [20] as well as in systolic heart failure [21] . It was assumed that certain gene polymorphisms may reduce the risk of venous thromboembolic disease [22] but results published by Chinese authors speak against this hypothesis [23] . In the presented study, when TF concentrations were analysed without stratification for anticoagulation methods or efficacy (Fig. 1) , lower values were observed in CTEPH and in post-APE group as compared to group C (p = 0.042 and p = 0.011, respectively). When adequate VKA-treatment in CTEPH and post-APE patients was considered (almost half of all patients in both these groups), TF concentrations were similar to those in group C (Fig. 2) . Initial differences were thus most likely due to low levels of TF in patients not receiving anticoagulants (post-APE patients without anticoagulation vs. controls: p = 0.0186; Fig. 3 ). Low TF concentration post-APE may point to consumption of the factor in thrombotic lesions, which seems analogical as in patients after APE episodes who did not develop pulmonary hypertension and in patients with CTEPH. Results of the study mas suggest that adequate anticoagulation may restore normal TF concentration, and inhibit extrinsic coagulation pathway. Similar results were described by authors of the Waris II study, where long-lasting VKA treatment increased serum TF levels in patients after myocardial infarction, which was not observed in patients treated with acetylsalicylic acid [24] . When concerning etiopathogenetic particularities of CTEPH and PAH, it was observed that TF concentration in the PAH group, where only 3 of 12 patients had adequate anticoagulation, was significantly higher than in patients with CTEPH or post-APE (p = 0.024 and p = 0.014, respectively) but no such difference was observed as compared to group C, although trend to increasing TF values was observed (Fig. 1) . The group of patients with PAH was small, which impedes definitive interpretation of results. However, in these patients extrinsic coagulation pathway seemed to be less involved.
Tissue factor protein inhibitor is a glycoprotein produced mainly by endothelial cells but also by platelets, activated fibroblasts, monocytes and megakaryocytes. The protein inhibits factor and TF/FVIIa complexes, thus inhibiting generation of thrombin. Moreover, TFPI has an anti-proliferative and anti-inflammatory effect [16] . In the presented study, all patient groups (CTEPH, post-APE and PAH) had similarly higher TFPI serum concentrations as compared to group C, when anticoagulation was not considered (Fig. 4 ; p = 0.012, p = 0.024 and p = 0.004, respectively). Increased serum TFPI concentration was observed in other entities where coagulation cascade was activated, including ischaemic heart disease, atherosclerotic artery occlusions, Buerger disease, hyperlipidaemia, diabetes, in inflammatory conditions, whereas decreased TFPI concentrations were found in subjects with protein C deficiency and in women using hormonal contraception [13] . Altman et al. [25] described decreased TFPI concentrations in 22 patients with pulmonary hypertension. Their results differ from the presented study, which might be due to different patient selection, as those authors did not study CTEPH patients, and included only a single patient with PAH. Anticoagulation may affect TFPI concentrations. In the presented study, patients receiving adequate VKA after CTEPH and post-APE had similar concentrations of TFPI, which did not significantly differ from those in group C (Fig. 5) and from not anticoagulated post-APE patients (Fig. 6 ). There was a trend to decreasing TFPI concretrations on adequate anticoagulation in post-APE patients comparing to not anticoagulated APE survivors (Fig. 6) . Results presented herein seem to be the first ever to demonstrate effect of VKA anticoagulation on TFPI concentrations. Previously, heparin was noted to release a fraction of TFPI to the serum, thus increasing its concentration [26] . In the presented study, 4 patients with CTEPH (19% of all studied subjects) and 3 post-APE (5%) used heparin, alone or in combination with VKA. these patients were few, it could be assumed that underlying diseases increase serum TFPI concentration in CTEPH patients and post-APE as compared to healthy persons. Pulmonary arterial hypertension bears pathophysiological similarities to CTEPH but TFPI seemed to be the highest (Fig. 4) . None of these patients was using heparin, and only 25% of them had adequate VKA anticoagulation. It should be noted that adequate treatment with VKA decreases pathologically elevated TFPI concentration in CTEPH and post-APE or even restores it to normal.
Limitations of the study
Small numbers of patient with CTEPH and PAH are the limitation of the presented study, which is related to rarity of these diseases and concommitant exclusion criteria (involving conditions that could potentially affect TF and TFPI levels). The estimated incidence of CTEPH following an APE episode is 0.5-3.8% [27] , and PAH is described as an "orphan disease". Other limitations included necessity of continuous anticoagulation in some patients, mostly in CTEPH group as well as a significant age difference between patients and controls (p = 0.000 for all groups). In the presented study, weak correlation (r = 0.31) between age and TFPI concentration was observed. Other authors did not find correlations between age and concentrations of TF or TFPI [28] .
CONCLUSIONS
The presented study points to activation of the extrinsic coagulation cascade in CTEPH, as reflected by decreased TF concentration due to its consumption, increased TFPI concentration, and normalisation of these parameters under adequate anticoagulative treatment. Concentrations of TF and TFPI, and the effect of anticoagulation were similar in post-APE patients, who did not have pulmonary hypertension. This finding suggests a similar pathogenesis of both entities but does not identify patients after an APE episode who are at risk of developing CTEPH. The observed TF concentrations suggest a lower activity of extrinsic coagulation pathway in PAH as compared to CTEPH. Verification of these findings in bigger patient groups is warranted, with analysis of age impact and effect of various anticoagulation modalities on TF and TFPI concentrations. Evaluation of TF and TFPI concentrations in samples obtained from endarterectomy procedures and in autopsy material could shed more light on the role of these factors in development of CTEPH. 
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